Abstract Ninety non-insulin dependent diabetic subjects were selected from Punjab Agricultural University and Civil hospitals of Ludhiana. The selected subjects were divided into three groups viz. Group I, II and III having thirty subjects each. The subjects of group I were not given any treatment. The subjects of group II and III were supplemented with 100 mg and 200 mg of Aloe vera L. gel powder respectively for a period of 3 months and supplementation was continued along with nutrition counselling for the next 3 months. The nutrition education was given for 3 months after 15 days interval to the subjects of group II and III through individual and group contact. The blood glucose and lipid profile were analyzed. The blood pressure of the subjects was also measured. It was seen that there was a significant (p≤0.01) reduction in fasting blood glucose level by 11.4% and 15.4% and post prandial glucose level 18.5% and 27.8% in the subjects of group II and III respectively after the study. Significant (p≤ 0.01) reduction in total cholesterol 8.6% and 10.1%, triglycerides 9.6% and 12.2%, low density lipoprotein cholesterol (LDL-C) 12.8% and 14.6%, very low density lipoprotein cholesterol (VLDL-C) 9.6% and 12.2% and an increase in high density lipoprotein cholesterol (HDL-C) 7.3% and 9.4% was observed in the subjects of group II and III respectively. The ratio of total cholesterol to HDL-C reduced from 5.6 to 4.8 and 6.1 to 5.0 and LDL-C to HDL-C from 3.7 to 3.0 and 4.1 to 3.1 in the subjects of group II and III respectively after the study. There was also a significant decrease (p≤0.01) in the blood pressure of the subjects of group II and III and a non significant decrease (p≤0.01) was seen in the subjects of group I. With the intervention of Aloe vera L., significant reduction was observed in blood glucose, lipid profile and blood pressure of the diabetic patients.
These days great attention is being given to management of diabetes with medicinal plants along with dietary restriction. Modern medicine is rooted in ethno botanical traditions using indigenous flora to treat symptoms of human diseases or to improve specific aspects of the body conditions. Today a great number of modern drugs are still derived from natural sources and 25% of all prescriptions contain one or more active ingredients from plants (Thorfeldt 2005) .
Aloe vera has been used for many centuries for its curative and therapeutic properties Aloe vera is a perennial succulent xerophyte, which develops water storage tissue in the leaves to survive in dry areas of low or erratic rainfall. The aloe leaf can be divided into two major parts, namely the outer green rind, including the vascular bundles, and the inner colourless parenchyma containing the aloe gel. Main chemical constituents of Aloe vera include: amino acids, anthraquinones, enzymes, minerals, vitamins, lignins, monosaccharide, polysaccharides, salicylic acid, saponins, and phytosterols (Surjushe et al. 2008) .
Aloe vera has marvelous medicinal properties. Aloe vera lowers blood glucose levels in diabetic patients. It also improves the responsiveness of the body tissues towards insulin, thereby making insulin more effective. Active components present in Aloe vera also help in lowering high blood pressure. This makes Aloe vera extremely suitable for wide scale treatment to all diabetic conditions (Misawa et al. 2008) . Aloe vera helps in reducing serum cholesterol and tri-glycerides and increasing level of high density lipoprotein cholesterol (HDL-C). Phytosterols (Sitosterol, Campesterol and Lupeol) which are structurally similar to cholesterol help in reducing serum concentrations of cholesterol by reducing the absorptions of cholesterol from the gut by competing for the limited space for cholesterol in mixed micelles (Josias 2008) . Hence, the present study was designed to see the hypoglycemic and hypolipidemic effect of Aloe vera L. in non-insulin dependent diabetics.
Materials and methods
Ninety non-insulin dependent diabetic male patients in the age group of 35-65 years free from serious complications of diabetes were selected from the Punjab Agricultural University and Civil hospitals of Ludhiana. Selection was based on their fasting and post prandial blood glucose level followed by blood pressure. The selected subjects were divided into three groups viz. group I, II and III, each group having thirty subjects each. The subjects of group I was given no treatment. The subjects of group II and III were given two treatments. In first treatment, the subjects of group II and III were supplemented with 100 mg and 200 mg of Aloe vera L. gel powder respectively for a period of 3 months and in second treatment i.e. nutrition intervention, supplementation was continued along with nutrition counselling for the next 3 months. The nutrition education was given for 3 months after 15 days interval to the subjects of group II and III through individual and group contact. Feeding trials were carried out for a period of 6 months with daily dosage of two capsules containing 50 mg powder each to group II and 100 mg powder each to group III. One capsule was given immediately on rising and another after dinner.
General and diabetic information pertaining to age, education, marital status, occupation, size and type of family, physical activities, food habits, causes and symptoms of the disease was recorded for all the subjects through questionnaire schedule. Blood pressure was (Maclead 1984) .Blood analysis was done for glucose (Trinder 1969) , serum total cholesterol (TC) (Richmond 1973) , triglycerides (TG) (Fossati and Principle 1982) , high density lipo protein cholesterol (HDL-C) (Lopes-Virella et al. 1977) , low density lipo protein cholesterol (LDL-C) (Frieldwalds et al. 1972 ) and very low density lipo protein cholesterol (VLDL-C) (Triglycerides/5). Ratio of total cholesterol to HDL-C and LDL-C to HDL-C was also calculated.
Method to prepare Aloe vera L. gel powder Matured leaves of Aloe vera L. were initially washed in a water solution (200 ppm solution of sodium hypochlorite) and then further rinsed with a dilute solution of sodium hypochlorite (20 ppm). If leaves were extremely muddy then they were pre washed with deionised water. In order to avoid contamination of internal fillet with the yellow sap, the traditional hand-filleting method of processing aloe leaves was developed. In this method, the lower 1 in. of the leaf base (the white part attached to the large rosette stem of the plant), the tapering point (2-4 in.) of the leaf top and the short, sharp spines located along the leaf margins were removed by a sharp knife, then the knife, was introduced into the mucilage layer below the green rind avoiding the vascular bundles and the top rind was removed. The bottom rind was similarly removed and the rind parts, to which a significant amount of mucilage remains attached, were discarded. The inner fillet was washed again ensuring that there was no possibility of bacterial contamination, after which, the fillet was cut in to pieces and dried in a hot air oven at a temperature of 50°C for a period of 12 h. The dried fillet then ground and stored for further study (Gulia et al. 2009 ).
Statistical analysis
The data on all the blood parameters was analyzed statistically. The mean standard error, percen- 
Results and discussions
Initially, ninety non-insulin dependent diabetic male subjects were identified and divided into three groups. General information of the subjects showed that majority of the subjects belonged to the age group of 35-45 years and studied up to high school (Table 1) . Most of them had their own business (Table 1) . Majority of the subjects belonged to Sikh religion and had joint family with a family size of 5-6 members ( Table 1) . The most common reason for diabetes among the selected subjects was obesity (Table 2) . Obesity among the subjects was due to faulty eating habits, sedentary life style and lack of physical exercise. Signs and symptoms of the disease showed that majority of the subjects in group I, II and III suffered form polydypsia followed by polyurea, tiredness, loss of weight and nocturea (Table 3 ). The physical activity pattern of the subjects showed that majority of the subjects were not doing any kind of physical exercise. After nutrition intervention 26.7 and 46.7% of the subjects in group II and III started some kind of physical exercise while there was no change in group I (Table 4) . Majority of the subjects in group I, II and III were vegetarian and had craving for sweet foods (Table 5) .
At the end of 3 months with supplementation of Aloe vera L. gel powder, the subjects of group II and III showed a significant (p≤0.01) reduction in fasting and post prandial blood glucose levels with an improvement in lipid profile. Similar to findings of the present study, a significant reduction in blood glucose level was observed after administration of phytosterols such as lophenol, 24-methyl-lophenol, 24-ethyl-lophenol, cycloartanol and 24-methylene-cycloartanol in non insulin dependent diabetes by Tanaka et al. (2006) . Arora et al. (2009) also reported a significant reduction in total cholesterol, total triglycerides, LDL, and VLDL levels after supplementation of Aloe vera. The reduction after supplementation of Aloe vera L. gel powder could be due to the presence of high molecular weight polysaccharides or phytosterols in the Aloe vera. Significant (p≤0.01) decrease was observed in biophysical parameters like systolic blood pressure and diastolic blood pressure. First treatment i.e. supplementation of 100 mg and 200 mg of Aloe vera L. gel powder significantly (p≤0.01) reduced the fasting blood glucose (130.9 mg% to 122.1 mg % and 134.6 mg% to 118.8 mg%) and post prandial blood glucose (188.0 mg% to 167.8 mg% and 189.7 mg% to 153.5 mg%) in the subjects of group II and III (Table 6) . Trace elements like zinc, chromium, magnesium and manganese also play an important role in the management of diabetes mellitus by enhancing the effectiveness of insulin. Rajendran et al. (2007) also reported the role of these inorganic elements in the improvement of impaired glucose tolerance, their indirect role in the management of diabetes mellitus and hypoglycemia. In second treatment ie nutrition intervention, reduction in fasting and post prandial blood glucose level was more as compared to the first treatment in which only supplementation was done. Nutrition intervention reduced the fasting blood glucose (116.0 mg% and 113.9 mg%) and post prandial glucose level (153.3 mg% and 136.9 mg%) of the subjects of group II and III respectively (Table 6 ). This further reduction could be due to the nutrition counselling imparted to the subjects in group II and III. Sook et al. (2001) also reported that elderly diabetics showed significantly improved food habit scores with changes of food habits after the nutrition education.
Significant reduction in TC (207.2 mg% to 196.9 mg% and 211.5 mg% to 198.1 mg%), TG (171.9 mg% to (2007) 162.7 mg% and 177.4 mg% to 163.8 mg%), LDLCholesterol (135.9 mg% to 126.8 mg% and 141.1 mg% to 128.1 mg%), VLDL-Cholesterol (34.3 mg% to 32.5 mg % and 35.4 mg% to 32.7 mg%) and an increase in HDLCholesterol (36.9 mg% to 38.8 mg% and 34.9 mg% to 37.2 mg%) was observed in the subjects of group II and III (Table 7) . A significant (p≤0.01) reduction in the ratio of total cholesterol to HDL-C (5.6 to 5.1 and 6.1 to 5.3) and LDL-C to HDL-C (3.7 to 3.3 and 4.1 to 3.4) in the subjects of group II and III were also observed after first treatment.
The per cent reduction in total cholesterol could be due to phytosterols present in Aloe vera which are structurally similar to cholesterol helps in reducing serum concentrations of cholesterol by reducing the absorptions of cholesterol from the gut by competing for the limited space for cholesterol in mixed micelles. Chandrakar et al. (2008) also reported a significant reduction in cholesterol levels after Aloe vera supplementation. After administration of an active component barbaloin and polysaccharide with glycoprotein, verectin present in Aloe vera, there was significant reduction in serum triglycerides levels as reported by Yagi et al. (2009) . Second treatment further reduced TC(189.4 mg% and 190.1 mg%),TG (155.4 mg% and 155.7 mg%), LDL-Cholesterol (118.5 mg% and 120.5 mg%), VLDL-Cholesterol (31.0 mg% and 31.1 mg %) and increased HDL-Cholesterol (39.8 mg% and 38.5 mg%) was observed in the subjects of group II and III (Table 7) . A significant (p≤0.01) reduction in the ratio of total cholesterol to HDL-C (4.8 and 5.0) and LDL-C to HDL-C (3.0 and 3.1) of the subjects of group II and III respectively (Table 7) . It was found that second treatment had improved lipid profile more effectively than first treatment. Sartorelli et al. (2004) also observed a significant reduction in lipid profile and total cholesterol after nutrition education. First treatment significantly (p≤0.01) reduced systolic blood pressure (137.6 mm Hg to 131.6 mm Hg and 140.1 mm Hg to 129.8 mm Hg) and diastolic blood pressure (86.0 mm Hg to 83.1 mm Hg and 88.6 mm Hg to 83.6 mm Hg) of the subjects of group II and III respectively (Table 8) . Reduction in blood pressure after Aloe vera supplementation could be due to active components such as aloe-emodin, aloin A, elgonica dimmer A and bisbenzopyran present in Aloe vera. A significant reduction in blood pressure after Aloe vera supplementation had been reported by Saleem et al. (2001) . Second treatment further reduced the systolic blood pressure (126.8 mm Hg and 124.5 mm Hg) and diastolic blood pressure (80.4 mm Hg and 81.4 mm Hg) of the subjects of group II and III (Table 8) respectively. In second treatment ie nutrition intervention, reduction in systolic and diastolic blood pressure was more as compared to the first treatment. This reduction could be due to the nutrition counselling imparted to the subjects in group II and III where they were taught to have low intake of salt, pickles, papads, chutneys, highly refined foods and red meat.
Conclusion
The investigation of present study revealed that second treatment was more effective in improving the blood (2007) parameters of the subjects as compared to the first treatment as nutrition counseling was imparted to them along with supplementation whereas in first treatment only supplementation was done. Nutrition intervention significantly (p≤0.01) reduced the fasting blood glucose level (11.4% and 15.4%) post prandial glucose level (18.5% and 27.8%), total cholesterol (8.6% and 10.1%), triglycerides (9.6% and 12.2%), low density lipoprotein cholesterol (LDL-C) (12.8% and 14.6%), very low density lipoprotein cholesterol (VLDL-C) (9.6% and 12.2%) and increased high density lipoprotein cholesterol (HDL-C) (7.3% and 9.4%) of the subjects of group II and III respectively. The ratio of total cholesterol to HDL-C reduced from 5.6 to 4.8 and 6.1 to 5.0 and LDL-C to HDL-C from 3.7 to 3.0 and 4.1 to 3.1 in the subjects of group II and III respectively. Nutrition intervention also significantly reduced the systolic blood pressure (7.9% and 11.1%), diastolic blood pressure (6.5% and 8.1%) of the subjects of group II and III respectively. Hence it can be inferred from the results that supplementation of Aloe vera L. gel powder along with nutrition counselling significantly reduced blood glucose levels and blood pressure along with an improvement in lipid profile in the non-insulin dependent diabetics.
